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Part 1. Exposure metrics 

Exposure 

The exposures to radon di(Rn) in Bq/m3 and gamma radiation di(γ) in nSv/h (telluric + 

cosmic) were directly available for each of the 36,326 French mainland municipalities.   

Exposure to radon 

During a national campaign conducted by the Institute for Radiation Radiological Protection 

and Nuclear Safety (IRSN) indoor radon activity per cubic meter (Bq/m3) was measured in 

10,843 houses in the main room, living room or bedroom, over two months, using an open 

Kodalpha LR115 passive track-etch detector (Billon et al. 2005). Seasonal variations in the 

indoor radon concentrations were accounted for by applying a correction factor as per the 

method described by Baysson et al. (2003) (Baysson et al. 2003). The complete address was 

available for 8,136 measurements that were geocoded at the address point. The other 

measurements were geocoded at the municipality center point.  

In order to identify radon-prone areas in France, the IRSN developed a harmonized 

methodology to derive a single map of the geogenic radon potential (GRP) (Demoury et al. 

2013; Ielsch et al. 2010; Ielsch et al. 2014). This approach consists in determining the capacity 

of the geological units to produce radon and facilitate its transfer to the atmosphere. The 

approach is first based on a classification of the geological units by their uranium content, in 

order to create a radon source potential map. The initial map is then improved by taking into 

account the main additional parameters, which control the preferential pathways of radon 

through the ground and may increase the radon potential. The final map results in the 

categorization of France in five classes: from low to high GRP with accurate geographic 

resolution. 
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The cokriging estimates were based on the measurements made during the national campaign 

and the GRP was used as a regionalized variable in the cokriging (IRSN Report 2012; Ielsch 

et al. 2015). 

Exposure to terrestrial gamma radiation 

In 2011-2012, 97,595 measurements of gamma rays were collected by the IRSN in 17,404 

dentist surgeries and veterinary clinics all over France, using Radio Photo Luminescent 

dosimeters. Only the measurements made with dosimeters not exposed to anthropic sources 

were used for the model. After subtracting the cosmic ray component determined using the 

UNSCEAR altitude-based formula (2000), the arithmetic mean of the time-series 

measurements, weighted by the time-exposure of the dosimeters, was used as the value of the 

exposure of each location to indoor terrestrial gamma radiation (Warnery et al. 2015).  

In 2010, the IRSN classified the French geological formations, characterizing their uranium 

potential on the bases of geology, petrology and local determination of the uranium content of 

rock (Ielsch et al., in press). This information was geo-referenced on a map on the scale 

1:1,000,000. The geological uranium potential was classified as 5 qualitative categories. Since 

telluric gamma radiation is mostly derived from the progenies of the (238) uranium series 

present in rocks, this information, which is exhaustive throughout France, was incorporated in 

the estimates of telluric gamma radiation dose rates. 

The gamma radiation exposures of the French municipalities were estimated as the average 

gamma radiation dose rate of the 1 x 1 km squares whose centers lay within the perimeter of 

the municipality. Similarly the gamma exposure of each Geocap subject was the gamma dose 

rate of the 1 x 1 km square in which the residence was geolocated. 
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Cumulative exposure 

Assuming that the exposures were constant from birth till age a at diagnosis (or inclusion for 

the controls), the cumulative exposures to radon CEi(Rn) and gamma radiation CEi(γ) in 

municipalities i are given by:  

 CEi(Rn) = a × di(Rn) in Bq/m3.year   

and CEi(γ) = a × di(γ) × (24 × 365.25/1,000,000) in mSv.year. 

where di(Rn) in Bq/m3 and di(γ) in nSv/h are the exposures to radon and gamma radiation 

(telluric + cosmic) respectively, in each of the 36,326 French continental municipalities i. 

Cumulative red bone marrow (RBM) dose 

Using conversion coefficients Cu of exposures at age u, the RBM dose accumulated at age a 

was calculated as: 

 RBMi(Rn) = di(Rn) × ( Cu!
!!! (Rn) ) and  

 RBMi(γ) = di(γ) × (24 × 365.25/1,000,000) × ( Cu!
!!! (γ)), 

where di(Rn) in Bq/m3 and di(γ) in nSv/h are the exposures to radon and gamma radiation 

(telluric + cosmic) respectively, in each of the 36,326 French continental municipalities i and 

Cu are the exposure-dose conversion coefficients at age u. For radon and its decay products, 

Cu considered a radiation biological effectiveness factor of 20 applied to alpha emitters. 

Coefficients Cu took the values given in the table below. 

Table: Conversion coefficients Cu of exposure to RBM dose by age at exposure u 
Age at exposure u  Radon a (Bq/m3) Gammab (mSv/year) 
Intra-uterine  exposure (mSv) 0.00025 0.675 
0 to 1 year of age (mSv/year) 0.00155 1.240 
1 to 15 years of age (mSv/year) 0.00315 1.120 

a Coefficients based on (Kendall and Smith 2002, 2005); b Coefficients based on (Petoussi et 
al. 1991) 
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In the UNSCEAR ERR 2006 model, the RBM dose was calculated assuming no intra-uterine 

component of exposure and a two-year time lag for the increase in risk following radiation 

exposure, i.e. cumulative from birth until age a-2 (UNSCEAR 2006). 

 

Part 2. Statistical modeling and analysis of observations using a log-linear multiplicative 

model, estimation of statistical power 

Statistical modeling 

Under the assumption of a log-linear multiplicative model, the 1990-2009 incidence study and 

the Geocap case-control study (2002-2007) were analyzed using a log-linear Poisson model 

and a linear-logistic model, respectively. The modeling is briefly presented here for the 

incidence study: 

The multiplicative-exponential model is written: 

 h(Dia,a)=h(0,a) × exp(ß × Dia)  (1), 

where: 

- Dia is the metric for dose of radiation (exposure, cumulative exposure, cumulative RBM 

dose) at age a for children living in municipality i 

- h(Dia, a) is the hazard rate for children of age a exposed to Dia, 

- h(0,a) is the hazard rate for children of age a in the absence of any exposure to natural 

background radiation (NBR), 

- ß is the excess relative risk (ERR) by unit of exposure of Dia. 

, 



 

6 

	

which gives, by multiplying both sides of equation (1) by the adequate number of person-

years at risk and summing over the 20 years of the study, and after a few simple algebraic 

procedures: 

 Ln(E(Oia))=Ln(Eia)+ ß0a + ß × Dia        (2) 

where: 

- E(Oia) is the expected value of the observed number of cases Oia, 

- Eia is the expected number of cases derived from the number of person-years at risk 

among children of age a  in municipality i and from the observed French age-specific AL 

incidence rates 

- ß0a are age dependent intercepts. 

Due to the very large number of cells (36,326 municipalities by 15 one-year classes of age = 

543,540 cells), adjusting a Poisson regression model to equation (2) led to an under-dispersion 

of the observed counts Oia. For this reason, the municipalities were grouped together by level 

of exposure into 20 categories (k = 1 to 20) with equal expected numbers of cases. The 

number of cells was thus reduced to 300 (20 categories of exposure by 15 categories of age) 

and equation (2) was re-written as equation (3), which prevented over-dispersion and under-

dispersion: 

 Ln(E(Oka))=Ln(Eka)+ ß0a + ß × Dka        (3) 

Model (3) was used overall (age < 15 years), or for each of the 15 one-year classes, or 3 five–

year classes of age. 

Using model (3), it was possible to estimate ERR per Sv ß and to test the null hypothesis H0 of 

no association between AL and NBR (ß = 0) against the composite alternative hypothesis H1 

that AL was associated with RBM dose associated to radon, gamma radiation or both 

exposures considered together (ß ≠ 0). 
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Estimating the power of the statistical tests conducted 

Simulation procedure 

Choosing a specific non-zero plausible alternative value ß* for the unknown ERR, the power 

of the test of H0 against H1 was estimated using the following simulation procedure:  

- from the value of ß*, the expectation of the observed number of cases E(Oka) was derived 

from equation (3), 

- then, for each of the 15 one-year classes of age a, the observed counts Oka were randomly 

generated by allocating the O+a total observed number of cases of age a to the 20 

categories of municipalities, using a multinomial distribution with probability 

proportional to its expected number of cases E(Oka) under H1. 

- finally, equation (3) was fitted to the numbers of observed (Oka) and expected (Eka) cases 

in the 300 observation cells. The resulting estimate of ß was compared to the null value ß 

= 0 from which it was significantly different or not in a two-sided test of H0 against H1 at 

the level α = 5%, based on the simulated statistical distribution of 10,000 independent 

estimates of ß under the hypothesis H0. 

 

Choosing plausible values of ERR ß* for power calculations 

Recently, (Wakeford 2013) concluded from his review of the available evidence on the 

quantitative association between exposure to ionizing radiation and the risk of childhood 

leukemia (AL), that an ERR of 50 per Sv was “broadly applicable to low dose, low-dose rate 

exposure circumstances”. In a recent UK case-control study, Kendall et al. (2013) (Kendall et 

al. 2013) observed an ERR of + 12% (95%CI: + 3%, + 22%) for an increase of 1 mSv in 

gamma radiation-associated RBM dose and an ERR of + 9% (95%CI, +2% +17%) for an 

increase of 1 mGy in gamma radiation cumulative exposure (corresponding to ERR values of 
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120 and 90 per Sv, respectively). In a recent Swiss cohort study, Spycher et al. (2015) 

(Spycher et al. 2015) observed a relative risk of 1.046 (95% CI 0.999, 1.096) for a 1 mSv 

increase in cumulative exposure to gamma radiation (corresponding to an ERR of 46 per Sv). 

Considering these observations, ERR per mSv of RBM dose of +2%, +5%, +10% 

(corresponding respectively to ERRs of 20, 50 and 100 per Sv) were considered as plausible 

alternatives to the absence of association between NBR exposure and AL risk. The power of 

the present investigation to detect an association between AL risk and NBR exposure was 

calculated using the potential ERR per mSv values. 

 

Part 3. Testing for the existence of an association between AL and RBM dose using the 

UNSCEAR 2006 ERR model. 

The model proposed by the UNSCEAR in its 2006 report for estimation of the risk of 

leukemia is a linear-quadratic multiplicative ERR model, considering a minimum lag time of 

2 years between exposure and risk of leukemia (UNSCEAR 2006). The relative risk at age a 

for exposure RR(Dia,a) writes as follows: 

 RR(Dia,a) = 1+ α×Dia×(1 + ß/α×Dia) × (exp(κ1×Ln(a) ),  (4) 

where: 

- Dia is the RBM dose (Sv) accumulated up to age a-2,  

- α = 864.552 , ß/α = 1.18092 and κ1 = -1.647 were estimated from cohorts exposed to 

ionizing radiation, including the Life Span Study of Hiroshima and Nagasaki A-bomb 

survivors. 

As this model is presently considered as a reference for the estimation of AL risks associated 

with ionizing radiation, the observations made in the present study were also used to test the 
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null hypothesis H0 of no association between AL and NBR against the simple alternative 

hypothesis H1 that the observations would fit the UNSCEAR 2006 multiplicative ERR model. 

In that case, the alternative hypothesis being a simple one, the most powerful test T of H0 

against H1 is based on the Likelihood Ratio Score (LRS) statistic of (Bithell 1995):  

T = ∑ ka Oka. Ln[ RR(Dka, a) / RR(•a) ] 

where Oka is the number of cases observed in the cells (k,a), RR(Dka, a) is the value of the 

relative risk given by equation (4), and RR(•a) is for age a, the weighted average value of 

RR(Dka,a) with weights Eka. 

The power of the test of H0 against H1 may be estimated using the simulation procedure 

described above in Part 2 when no “plausible” values has to be chosen for unknown 

parameters since the alternative hypothesis is a simple one with specified values for its 

parameters, and the relative risk of AL associated with an exposure Dka accumulated until age 

a is now given by equation (4). 
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Table S1. Distribution of exposure to natural background radiation and estimated dose to red bone marrow in controls, Geocap study 2002-
2007  
  Mean SD Min p5% p25% p50% p75% p95% Max 
Radon          
Radon exposure (Bq/m3) at the residence 67.8 45.5 12.8 24.9 40.6 55.6 82.0 145.3 801.3 
Radon exposure (Bq/m3) at the town hall of the municipality 67.2 45.7 12.5 21.8 40.7 55.2 81.6 145.6 819.2 
RBM dose associated to radon exposurea (mSv)           At 5 years old 1.0 0.66 0.2 0.3 0.6 0.8 1.2 2.1 11.8 

At 10 years old 2.0 1.38 0.4 0.7 1.2 1.7 2.5 4.4 24.7 
At 15 years old 3.1 2.10 0.6 1.0 1.9 2.5 3.7 6.7 37.6 

           Gamma radiation            Gamma radiation exposure (nSv/h) at the residenceb 98.2 24.9 62.4 70.1 78.1 91.8 112.5 148.5 254.7 
Mean value of gamma radiation (nSv/h) in the municipality 102.6 26.3 65.9 73.1 81.1 95.8 117.6 156.9 260.8 
RBM dose associated to gamma radiation c (mSv)           At 5 years old 5.8 1.47 3.7 4.1 4.5 5.4 6.6 8.8 14.6 

At 10 years old 10.8 2.76 6.9 7.7 8.5 10.1 12.4 16.5 27.4 
At 15 years old 15.8 4.05 10.2 11.3 12.5 14.8 18.1 24.2 40.2 

Mean: arithmetic mean; SD: standard deviation; Min: minimum observed average local exposure; p: percentile; Max: maximum observed average local exposure; 
RBM: red bone marrow 
a Calculated  assuming  exposure constant from the intra-uterine period until age reached and no lag time, using the conversion coefficients of reference  (Kendall 
and Smith 2002, 2005) 
Estimated RBM dose (mSv) associated to radon exposure until age a = [radon exposure (Bq/m3)] x [0.00025 + 0.00155 + (age - 1) x 0.00315] when age ≥ 1 
Estimated RBM dose (mSv) associated to radon exposure until age a = [radon exposure (Bq/m3)] x [0.00025 + 0.00155] when age < 1 
b 270 missing values 
c Calculated assuming constant exposure from the intra-uterine period until age reached and no lag time, using the conversion coefficients of reference (Petoussi et 
al. 1991) 
Estimated RBM dose (in mSv) associated to gamma exposure until age a = [Gamma dose-rate (nSv/h) ] x [24 x 365.25/1,000,000]  x  [0.675 + 1.24 + (age-1) x 1.12] 
when age ≥ 1. 
Estimated RBM dose (mSv) associated to gamma exposure until age a = [Gamma dose-rate (nSv/h) ] x [24 x 365.25/1,000,000]  x  [0.675 + 1.24] when age < 1. 
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Table S2. Cumulative exposure to radon and gamma radiation, and risk of acute leukemia, ALL and AML in children under 15 years old, 
RNCE 1990-2009  
Type of leukemia All AL (N=9,056) ALL (N=7,434) AML (N=1,465) 
  Mean O E SIR (95% CI) Mean O E SIR (95% CI) Mean O E SIR (95% CI) 
Radon (Bq/m3 .year) a          [0-118.4[ 68.4 1,802 1,805.6 1.00 (0.95, 1.04) 74.0 1,302 1,298.8 1.00 (0.95, 1.06) 54.2 458 463.8 0.99 (0.90, 1.08) 
]118.4;215.3] 166.9 1,816 1,827.1 0.99 (0.95, 1.04) 167.1 1,624 1,616.4 1.00 (0.96, 1.05) 165.4 172 189.3 0.91 (0.78, 1.06) 
]215.3;358.8] 286.2 1,748 1,792.6 0.98 (0.93, 1.02) 285.8 1,493 1,565.8 0.95 (0.91, 1.00) 289.1 225 200.8 1.12 (0.98, 1.28) 
]358.8;618.1] 479.0 1,936 1,830.0 1.06 (1.01, 1.11) 478.0 1,605 1,527.3 1.05 (1.00, 1.10) 484.6 303 272.1 1.11 (0.99, 1.25) 
]618.1;895.7] 740.0 872 894.1 0.98 (0.91, 1.04) 739.2 711 712.2 1.00 (0.93, 1.07) 743.3 142 164.3 0.86 (0.73, 1.02) 
]895.7;1189.0]  1,010.9 400 401.8 1.00 (0.90, 1.10) 1,008.4 322 319.8 1.01 (0.90, 1.12) 1,020.6 68 74.0 0.92 (0.71, 1.16) 
> 1189.0  1,698.1 482 504.8 0.95 (0.87, 1.04) 1,686.5 377 393.7 0.96 (0.86, 1.06) 1,740.3 97 100.6 0.96 (0.78, 1.18) 

         
 

              
SIR by 1000 Bq/m3 .year 0.99 (0.93, 1.06)       1.01 (0.94, 1.09) b       0.89 (0.76, 1.04) 
Gamma radiation (mSv.year) a                   
≤ 2.1  1.2 1,823 1,834.9 0.99 (0.95, 1.04) 1.4 1,277 1,288.1 0.99 (0.94, 1.05) 1.0 503 502.9 1.00 (0.91, 1.09) 
]2.1;3.5]  2.8 1,776 1,797.9 0.99 (0.94, 1.03) 2.8 1,615 1,633.0 0.99 (0.94, 1.04) 2.7 142 146.2 0.97 (0.82, 1.14) 
]3.5;5.4]  4.4 1,824 1,803.6 1.01 (0.97, 1.06) 4.4 1,634 1,613.5 1.01 (0.96, 1.06) 4.5 164 165.2 0.99 (0.85, 1.16) 
]5.4;8.8]   7.0 1,818 1,818.6 1.00 (0.95, 1.05) 7.0 1,514 1,521.1 1.00 (0.95, 1.05) 7.2 274 267.1 1.03 (0.91, 1.16) 
]8.8;11.2]  9.9 928 891.3 1.04 (0.98, 1.11) 9.9 713 691.4 1.03 (0.96, 1.11) 9.9 191 181.7 1.05 (0.91, 1.21) 
]11.2;13.4] 12.1 435 447.7 0.97 (0.88, 1.07) 12.1 331 341.7 0.97 (0.87, 1.08) 12.1 96 95.9 1.00 (0.81, 1.22) 
> 13.4  16.0 452 461.9 0.98 (0.89, 1.07) 15.9 350 345.2 1.01 (0.91, 1.13) 16.0 95 106.0 0.90 (0.73, 1.10) 

                      SIR by 1 mSv.year 1.00 (0.99, 1.01)       1.01 (0.99, 1.02)       0.99 (0.96, 1.02) 
RNCE: National Registry of Childhood Cancers; AL: childhood acute leukemia; ALL: acute lymphoid leukemia; AML: acute myeloid leukemia Mean: mean 
weighted by the expected number of cases over 1990-2009; O: observed number of cases; E: expected number of cases; SIR (95% CI): standardized incidence ratio 
and its 95% confidence interval estimated by Poisson regression models for trend analyses, with Byar’s approximation otherwise. 
a Estimated cumulative exposure. The cutoffs of the categories of exposure are based on the distribution of the expected number of cases, at the following percentiles 
p20%, p40%, p60%, p80%, p90%, p95%. 
b p value of the test of departure from linearity between 0.01 and 0.05  
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Table S3. Cumulative exposure to radon and gamma radiation, and risk of acute leukemia in children under 15 years old, by 5-year age 
group, RNCE 1990-2009  
Age 0-4 y (N=4,556) 5-9 y (N=2,646) 10-14 y (N=1,854) 
  Mean O E SIR (95% CI) Mean O E SIR (95% CI) Mean O E SIR (95% CI) 
Radon (Bq/m3 .year) a                   
[0-118.4[ 67.6 1,758 1,770.8 0.99 (0.95, 1.04) 108.1 44 34.8 1.26 (0.92, 1.70)         
]118.4;215.3] 164.8 1,502 1,493.9 1.01 (0.95, 1.06) 175.0 288 317.3 0.91 (0.81, 1.02) 206.3 26 15.9 1.64 (1.07, 2.40) 
]215.3;358.8] 279.7 822 828.1 0.99 (0.93, 1.06) 292.0 784 812.4 0.97 (0.90, 1.03) 290.8 142 152.2 0.93 (0.79, 1.10) 
]358.8;618.1] 465.9 375 357.7 1.05 (0.94, 1.16) 471.8 958 890.0 1.08 (1.01, 1.15) 498.1 603 582.3 1.04 (0.95, 1.12) 
]618.1;895.7] 730.7 60 57.3 1.05 (0.80, 1.35) 729.1 310 326.4 0.95 (0.85, 1.06) 748.0 502 510.4 0.98 (0.90, 1.07) 
]895.7;1189.0]  939.7 39 48.2 0.81 (0.58, 1.11) 996.6 100 107.4 0.93 (0.76, 1.13) 1,031.0 261 246.3 1.06 (0.93, 1.20) 
> 1189.0         1,476.1 162 157.8 1.03 (0.87, 1.20) 1,799.1 320 347.0 0.92 (0.82, 1.03) 

                      SIR by 1000 Bq/m3 .year 1.06 (0.85, 1.32)       1.02 (0.91, 1.15)       0.96 (0.88, 1.05) 
Gamma radiation (mSv.year) a                ≤ 2.1  1.2 1,823 1,834.9 0.99 (0.95, 1.04)               ]2.1;3.5]  2.8 1,742 1,762.0 0.99 (0.94, 1.04) 3.4 34 36.0 0.95 (0.65, 1.32)        ]3.5;5.4]  4.2 902 866.0 1.04 (0.97, 1.11) 4.6 922 937.6 0.98 (0.92, 1.05)        ]5.4;8.8]   6.3 89 93.1 0.96 (0.77, 1.18) 6.8 1,318 1,320.3 1.00 (0.95, 1.05) 7.9 411 405.2 1.01 (0.92, 1.12) 
]8.8;11.2]         9.8 275 246.5 1.12 (0.99, 1.26) 9.9 653 644.9 1.01 (0.94, 1.09) 
]11.2;13.4]        11.9 82 86.1 0.95 (0.76, 1.18) 12.1 353 361.6 0.98 (0.88, 1.08) 
> 13.4         14.2 15 19.5 0.77 (0.43, 1.27) 16.0 437 442.4 0.99 (0.90, 1.08) 

                      SIR by 1 mSv.year 1.02 (0.98, 1.07)       1.01 (0.99, 1.03)       1.00 (0.98, 1.01) 
RNCE: National Registry of Childhood Cancers; Mean: mean weighted by the expected number of cases over 1990-2009; O: observed number of cases; E: expected 
number of cases; SIR (95% CI): standardized incidence ratio and its 95% confidence interval estimated by Poisson regression models for trend analyses, with Byar’s 
approximation otherwise. 
a Estimated cumulative exposure. The cutoffs of the categories of exposure are based on the distribution of the expected number of cases at the following percentiles 
p20%, p40%, p60%, p80%, p90%, p95%.  
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Table S4. Cumulative red bone marrow dose associated to radon and gamma radiation, and risk of ALL and AML in children under 15 years 
old, RNCE 1990-2009  
Type of leukemia ALL (N=7,434) AML (N=1,465) 
  Mean O E SIR (95% CI) Mean O E SIR (95% CI) 
Radon (mSv) a               
≤ 2.5 0.9 6,630 6,624.1 1.00 (0.98, 1.03) 0.8 1,279 1,264.0 1.01 (0.96, 1.07) 
]2.5;5]  3.3 655 655.8 1.00 (0.92, 1.08) 3.4 149 158.9 0.94 (0.79, 1.10) 
]5.0;7.5]  5.9 100 108.4 0.92 (0.75, 1.12) 6.0 24 27.9 0.86 (0.55, 1.28) 
>7.5 8.6 49 45.7 1.07 (0.79, 1.42) 8.6 13 14.3 0.91 (0.49, 1.56) 
SIR by mSv       1.00 (0.98, 1.03) b       0.96 (0.91, 1.01) 
Gamma radiation (mSv) a               
≤ 2.5 1.7 797 822.0 0.97 (0.90, 1.04) 1.5 417 412.5 1.01 (0.92, 1.11) 
]2.5;5.0]  3.7 2,431 2,417.5 1.01 (0.97, 1.05) 3.5 254 264.3 0.96 (0.85, 1.09) 
]5.0;7.5]  6.1 1,602 1,622.1 0.99 (0.94, 1.04) 6.2 195 186.5 1.05 (0.90, 1.20) 
]7.5;10.0] 8.7 1,014 993.7 1.02 (0.96, 1.09) 8.8 180 178.5 1.01 (0.87, 1.17) 
]10.0;15.0] 12.0 1,166 1,144.7 1.02 (0.96, 1.08) 12.1 285 293.0 0.97 (0.86, 1.09) 
]15.0;20.0]  16.9 323 333.2 0.97 (0.87, 1.08) 16.9 105 97.9 1.07 (0.88, 1.30) 
]20.0;25.0]  21.7 85 86.7 0.98 (0.78, 1.21) 21.6 25 27.6 0.91 (0.59, 1.34) 
>25.0 25.4 16 14.1 1.13 (0.65, 1.84) 25.4 4 4.8 0.83 (0.22, 2.14) 
SIR by mSv       1.01 (0.99, 1.02)       0.99 (0.97, 1.02) 
Total (mSv) a               
≤ 2.5 1.8 577 600.9 0.96 (0.88, 1.04) 1.5 375 372.6 1.01 (0.91, 1.11) 
]2.5;5.0]  3.8 2,114 2,118.5 1.00 (0.96, 1.04) 3.5 250 259.9 0.96 (0.85, 1.09) 
]5.0;7.5]  6.1 1,570 1,536.7 1.02 (0.97, 1.07) 6.2 158 153.6 1.03 (0.88, 1.20) 
]7.5;10.0] 8.6 998 1,027.1 0.97 (0.91, 1.03) 8.7 160 145.3 1.10 (0.94, 1.29) 
]10.0;15.0] 12.2 1,335 1,315.9 1.02 (0.96, 1.07) 12.3 300 296.7 1.01 (0.90, 1.13) 
]15.0;20.0]  17.0 542 540.0 1.00 (0.92, 1.09) 17.1 143 150.2 0.95 (0.80, 1.12) 
]20.0;25.0]  22.0 205 207.6 0.99 (0.86, 1.13) 22.1 57 58.8 0.97 (0.74, 1.26) 
>25.0 29.1 93 87.4 1.06 (0.86, 1.30) 29.1 22 27.9 0.79 (0.49, 1.19) 
SIR by mSv       1.00 (1.00, 1.01)       0.99 (0.98, 1.01) 
RNCE: National Registry of Childhood Cancers; ALL: acute lymphoid leukemia; AML: acute myeloid leukemia Mean: mean weighted by the expected number of cases over 1990-
2009; O: observed number of cases; E: expected number of cases; SIR (95% CI): standardized incidence ratio and its 95% confidence interval estimated by Poisson regression 
models for trend analyses, with Byar’s approximation otherwise. 
a Estimated cumulative RBM dose. The cutoffs are categories of 2.5 mSv up to 10.0 mSv and 5.0 mSv above 10.0 mSv 
b p value of the test of departure from linearity between 0.01 and 0.05.  
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Table S5. Exposure to radon and gamma radiation, and risk of acute leukemia in children under 15 years old, Geocap study 2002-2007 

 
    All AL (N=2,763) ALL (N=2,283) AML (N=418) 

  Controls Cases OR (95%CI) Cases OR (95%CI) Cases OR (95%CI) 
Radon exposure (Bq/m3)       [12.8 ; 37.7]  6,004 530 1.00 (Ref.) 423 1.00  (Ref.) 96 1.00  (Ref.) 
]37.7 ; 49.1]  5,996 526 1.02 (0.90, 1.16) 436 1.07 (0.93, 1.23) 82 0.85 (0.63, 1.14) 
]49.1 ; 62.8]  6,005 587 1.13 (1.00, 1.28) 486 1.17 (1.02, 1.35) 86 0.92 (0.68, 1.23) 
]62.8 ; 90.5]  5,996 575 1.11 (0.98, 1.26) 491 1.19 (1.04, 1.37) 71 0.74 (0.55, 1.01) 
]90.5 ; 801.3] 5,999 545 1.04 (0.91, 1.18) 447 1.07 (0.93, 1.23) 83 0.88 (0.65, 1.18) 

        OR by 100 Bq/m3 30,000 2,763 0.98 (0.90, 1.07) 2,283 0.99 (0.90, 1.09) b 418 0.90 (0.71, 1.13) 

        Gamma radiation exposure (nSv/h) a       [62.4 ; 76]     5,946 530 1.00  (Ref.) 426 1.00  (Ref.) 91 1.00  (Ref.) 
]76 ; 86]       5,945 546 1.05 (0.92, 1.19) 456 1.09 (0.95, 1.25) 79 0.88 (0.65, 1.19) 
]86 ; 98.3]     5,948 598 1.14 (1.01, 1.29) 492 1.16 (1.02, 1.33) 91 1.03 (0.77, 1.38) 
]98.3 ; 118.5]  5,945 525 1.01 (0.89, 1.14) 431 1.03 (0.90, 1.19) 82 0.91 (0.68, 1.24) 
]118.5 ; 254.7] 5,946 545 1.02 (0.90, 1.16) 463 1.08 (0.94, 1.24) 71 0.79 (0.57, 1.07) 

        OR by 10 nSv/h 29,730 2,744 1.00 (0.98, 1.01) 2,268 1.00 (0.98, 1.02) 414 0.97 (0.93, 1.01) 
AL: childhood acute leukemia; ALL: acute lymphoid leukemia; AML: acute myeloid leukemia; OR (95%CI): Odds ratio and its 95% confidence interval estimated 
by logistic regression adjusted for year of age 
a 270 missing values for controls, 19 for AL, 15 for ALL, 4 for AML 
b p value of the test of departure from linearity between 0.01 and 0.05 




